This study describes the influence of ethanol as gasoline blend on a spark ignition engine and a mathematical tool is proposed based on multi attribute decision making approach to select optimal combination of operating parameters of a variable compression ratio multi fuel engine considering objective, subjective and integrated weights of attributes. Test fuels used were ethanol-gasoline blends having ethanol in proportions of 10, 20, 30 and 40 vol %. The compression ratio was varied as 6, 7, 8 and 9. The load was varied as 25, 50, 75 and 100 %. A series of 16 experiments were conducted by adopting Taguchi based design of experiments resulting in L16 orthogonal array. The result of proposed method shows that the combination of compression ratio 6, ethanol-gasoline blend 30 vol % at a load of 75 % is found to the best choice from among other trails and was validated using graph theory matrix approach.
INTRODUCTION
Supported innovative work has been led on alternative fuels so as to enhance the sustainability and manageability of energy supplies furthermore, to decrease greenhouse gas emissions. It is realized that petroleum based fuels are very much constrained as a sustainable source of energy 1 . The adverse effect of fossil fuels on environment while producing and its usage forced researchers to focus on clean and renewable energy source of energy. Competitiveness, sustainability and availability are some of the key factors of an alternative fuel to have prevalent environmental benefits over fossil fuels 2 . Out of the various second generation bio-fuels for Spark Ignition (SI) engines, ethanol is found to be optimum fuel as it does not compete with food consumption of mankind 3 . Besides this fact, the physiochemical properties of ethanol such as higher octane number, amount of oxygen present, improved flammability limit and lower carbon to hydrogen ratio make it a preferred alternative fuel for gasoline engine 4 . Higher rate of vaporization of ethanol allows the charge entering the combustion chamber to cool, which increases power and volumetric efficiency 5 . Nevertheless, the lower latent heat value and cold start of engine are inevitable with ethanol 6 .
The direct and indirect use of ethanol either in pure form or as blend with gasoline has been investigated by researchers. Under part load and full load conditions, particulate and NO x emissions have decreased substantially with addition of ethanol to fuel 7 . The research established by 8 reveals that lower airfuel ratio and increased latent heat resulted in reduced in-cylinder temperatures and heat losses. The high octane number of ethanol offers increased range of compression ratio on SI engine. To observe the knock limiting compression ratio operated a SI engine with ethanol blends as fuel at various compression ratios.
The combustion along with performance characteristics on SI engine are greatly influenced by various factors such as fuel, load, speed, air-fuel ratio, compression ratio and injection pressure 9 . Selection of optimum factors is not only complex but also challenging. Wherein, Multi Attribute Decision Making (MADM) approach fulfills the need. In this regard, a simple logical and systematic method to address this issue is the call of the day. Various studies report the use of Taguchi technique in optimizing operating parameters on a SI engine 10 . Response surface methodology was adopted by 11 and 12 developed mathematical models using genetic algorithm in analyzing and optimizing operating parameters. To analyze the uncertainty in evaluation of engine operating parameters, 13 utilized pareto based multi objective optimization method. 14 Adopted integrated analytical hierarchy process and weighted eucledian distance based approach to select operating parameters on SI engine.
From the above brief review of literature on various MADM approaches, it is understood that the selection of optimal operating parameters process or decision making method not only involves a lot of mathematical computation but also laborious. In general, a system having many attributes is often contradicting. Consequently, endeavors to at least one attribute will certainly activate a tradeoff of another attribute.
In the present study, the influence of ethanol blend with gasoline is analyzed and a mathematical model is proposed to select the optimum combination of operating parameters on a spark ignition engine at varying compression ratios. The operating parameters chosen are compression ratio, load and blends of ethanol-gasoline. Results of experiments are used to adapt the proposed integrated subjective and objective MADM method. Results of the proposed method are validated using Graph Theory Matrix Approach (GTMA) and analyzed.
EXPERIMENTAL
The setup consist of a single cylinder, variable compression ratio, water cooled, multi fuel engine which connected to an eddy current dynamometer. The engine has facility to change compression ratio (CR) in the range of 6-10 with rated power of 4.5 kW at 1800 rpm. The test rig consists of accessories so as to measure air and fuel consumption, rotameters to measure cooling (40-400 LPM) and calorimeter (25-250 LPM) water, open ECU of PE3-8400P model which is full build in potted enclosure, piezo sensor for measuring combustion pressure (PCB Piezotronics, USA-range 350 bar), sensor to measure crank angle (Kubler, Germany-resolution 1 deg, speed 5500 rpm with TDC pulse), sensors to measure temperature (RTD type, PT100), temperature transmitter (type two wire, Input RTD PT100, range 0-100 deg), sensor to measure load (strain gauge type load cell, range 0-50 kg). Device for data acquisition model NI USB-6210, 16 bit, 250kS/s interfaces the data from various sensors and engine performance analysis software, Enginesoft. A five gas analyzer (AVL 444 Digas) measures the composition of exhaust. Smoke meter, AVL 437, to measure the smoke opacity. Ethanolgasoline blends having ethanol in proportions of 10 vol% (E10), 20 vol% (E20), 30 vol% (E30) and 40 vol% (E40) were the test fuels used. Compression ratio was varied as 6, 7, 8 and 9. The load was varied as 25%, 50%, 75% and 100%.
Influence of ethanol on performance characteristics of engine
The variations of Brake Thermal Efficiency (BTE) as a function of load for ethanol gasoline blend if presented in Fig. 1 . Heat of vaporization of ethanol is higher than gasoline by nature. In this regard, BTE increases with increase in ethanol blend. The BTE values for E10, E20, E30 and E40 at 100% load for CR 9 are found to 35.12%, 36.89%, 38.34% and 37.45% respectively. Whereas, BTE values for E10, E20, E30 and E40 at 100% load for CR 6 were found to 31.49%, 33.26%, 34.71% and 33.82% respectively. Also, as the volume addition of ethanol to gasoline increases, the level of oxygen also increases which favors the increase in in-cylinder pressure 15 . More heat is released with increase in CR as the surface-volume ratio has increased 16 . It is inferred that the increased flame speed caused with addition of ethanol to gasoline favored fast and more complete combustion, resulting in higher BTE 17 . Fig. 2 presents the variations of brake specific fuel consumption (BSFC) for ethanol gasoline blends as a function of load. In general, BSFC decreases with increase in the load. With increase in CR and increase in composition of ethanol with gasoline, BSFC was found to be increasing. To compensate the desired energy output, engine consumes additional amount of fuel which led to increase in BSFC. Fuel combustion and consumption is strongly dependent on temperature which in turn is influenced by chemical reaction and burning rates. BSFC values at 100% load for E10, E20, E30 and E40 for CR 6 were found to be 0.814, 0.822, 0.792 and 0.800 kg/h kW respectively. Whereas, BSFC values at 100% load for E10, E20, E30 and E40 for CR 9 are found to be 0.231, 0.239, 0.209 and 0.217 kg/h kW respectively. As compared with gasoline-air mixture, ethanol-gasoline-air mixture requires less amount of air to form stoichiometric fuel air mixture as a result, BSFC increase with ethanol gasoline blends 18 .
Fig. 1. Influence of ethanol on brake thermal efficiency at different compression ratios

Fig. 2. Influence of ethanol on brake specific fuel consumption at different compression ratios
Influence of ethanol on emission characteristics of engine
It is analyzed in Fig. 3 , the variations of NO x emissions with ethanol gasoline blends as a function of load. NO x emission increases with increase in the load and CR for all test fuels. However, for a given compression ratio, NO x emission reduced with increase in ethanol composition with gasoline. Inherently, the higher rate of evaporation of ethanol brings about cooling effect in the combustion chamber resulting in reduced in-cylinder temperature and in turn reduced NO x production 19 . At 100% load, NO x emission at CR 6 for E10, E20, E30 and E40 were found to be 512, 540, 491 and 528 ppm respectively. At 100% load, NO x emission at CR 9 for E10, E20, E30 and E40 were found to be 423, 451, 402 and 439 ppm respectively. The adiabatic flame temperature with ethanol increases with increase in CR and hence the increase in NO x emission at a specific CR. It can be analyzed from Fig. 4 , the variations of HC emission with all test fuels as a function of load, that HC emissions increases with increase in load.
At 100% load, HC emission at CR 6 for E10, E20, E30 and E40 were found to be 43.75, 46.75, 41.75 and 49.25 ppm respectively. Whereas, HC emission at CR 9 for E10, E20, E30 and E40 at 100% load were found to be 30, 33, 28 and 35.5 ppm respectively. At higher CRs, as the engine runs at lean fuel air mixture and thus HC emission decreased as compared with low CR. Fig. 5 
depicts the variations of CO emission
for all test fuels at various CRs. It can be seen for Fig.   5 that there is marginal increase in CO emission with increase in the ethanol composition to gasoline or a given CR. However, with increase in CR, CO emission has found to be reduced. At 100% load, CO emission at CR 6 for E10, E20, E30 and E40 were found to be 0.201%, 0.203%, 0.199% and 0.202% respectively.
Whereas, CO emission at CR 9 for E10, E20, E30 and E40 at 100% load were found to be 0.035%, 0.037%, 0.033% and 0.036% respectively. The lighter fraction of ethanol in comparison to gasoline tends to achieve almost complete conversion of CO into CO 2 . 
Integrated subjective and objective multiple attribute decision making method
The layout of proposed methodology is presented in Fig. 6 . 20 The multi -attribute decision making problems in general shall be presented as given in Eq.1.
Fig. 6. Methodology of Integrated subjective and objective multiple attribute decision making
A multi attribute decision making method consists of, 1. Alternatives, Ai (for i = 1, 2, ... , n), 2. Attributes, Bj (for j = 1, 2, ... , m), 3. Weight of each attribute, wj (for j = 1, 2, ... , m) and 4. Measures of performance of N number of alternatives w.r.t the attributes, xij (for i = 1, 2,... , n; j = 1, 2, ... , m). Generalized structure of MADM21 is shown in Table 1 . 
The stepwise procedure of integrated objective and subjective MADM method is presented below:
Step 1: Decision table
The attributes of the parameter selection problem are to be chosen in such a way that they satisfy the considered parameter selection problem.
These attributes chosen may be either beneficial or non-beneficial and each attribute should be assigned with a qualitative or quantitative value. The attribute with qualitative value should be assigned with a crisp value based on 11 point fuzzy scale 22 and the attributes with quantitative values shall be taken directly. In the present study, there are 16 alternatives shown as Trail 1, 2, 3, ….. 16 . The attributes chosen are 7 which are brake power (BP), brake specific fuel consumption (BSFC), Brake thermal efficiency (BTE), oxides of nitrogen (NO x ), hydrocarbon (HC), carbon monoxide (CO), carbon dioxide (CO 2 ). As the units of attributes are different, normalization of the values of attributes is needed so as to nullify the effect of different units of attributes. The standard normalization procedure was adapted and the normalized values of experimental results are listed as Table 2 .
Step 2: Weight of attributes
Attribute's weights shall be either the values assigned by the decision maker or results obtained from experiments or assigned based on objective and subjective weights calculated from experimental results. In the present study, objective, subjective and combination of both are considered.
Step 2.3: Integrated weights
Integrated weights, i.e. the combined objective and subjective weights are calculated using Eq. 4. Step 3: Preference index Given the weights of attributes, the preference index (P) for each alternative considering objective weight alone is calculated using Eq. ( )
Where m* ij is taken as normalized value of m ij , V j is statistical variance for j th attribute, (m* ij ) mean is taken as mean of m* ij . Values of statistical variance for 7 attributes are calculated as given below: 
Step 2.2: Subjective weights
The subjective weights were determined using analytical hierarchy process and are given as, represent normalized values for beneficial and m ij * nb represents normalized values for non-beneficial attributes, (m ij * nb ) max represents the highest value of j th attribute which is beneficial and (m ij * nb ) min represents the least value of j th attribute which is non-beneficial. In this study BP, BSFC, BTE are considered as beneficial and NO x , HC, CO and CO 2 are considered as non-beneficial.
The preference index values for all alternatives are calculated. The preference index for Trail 1 considering objective, subjective and integrated weights are given below as an example: For objective weight, Similarly the preference index for all alternatives considering objective, subjective and integrated weights is calculated.
Step 4: Final selection
The values of preference index calculated for all alternatives are sort and arranged in descending order of which, the alternative having highest value of preference index is the best choice from among the considered decision making problem. Practical considerations and constraints may also be taken into account while taking decision. However, compromise can be made towards the alternative with highest preference index. The values of preference index of all alternatives considering objective, subjective and integrated weights are listed in Table 3 . It is seen from Table 3 that the preference index for trail 3 is highest by considering objective, subjective and integrated weights. Thus the combination of compression ratio 6, fuel E30 at a load of 75% is found to the best choice from among other trails. 
Comparison of proposed method with graph theory matrix approach
GTMA is a steady and logical approach 15 . It has some appealing properties like "ability to model criteria interactions", "ability to generate progressive models" to show and handle complex issues including attributes with multiple criteria. Results obtained from the proposed integrated objective subjective and integrated approach are compared with GTMA and are listed in Table 4 .
performance and emission characteristics of spark ignition engine and a mathematical approach for selection of optimal combination of operating parameters using integrated objective and subjective multi attribute decision making method deduces the following conclusions:
1.
Ethanol gasoline blends make a compatible fuel to spark ignition engine. With increase in compression ratio and increase in composition of ethanol with gasoline, BSFC was found to be increasing. Likewise, BTE increases with increase in ethanol blend and compression ratio.
2.
NO x emission reduced with increase in ethanol composition with gasoline. HC emission reduced with increase in compression ratio. Whereas, CO emission decreased with increase in compression ratio.
3.
The proposed mathematical approach is simple and easy in computation. Nevertheless, it can be adapted to any decision making scenario.
4.
The proposed method can handle any number of alternatives either subjective or objective or both subjective and objective unlike GTMA, which becomes complicated if the number of attributes is more than 20.
5.
The concept of statistical variance infers invaluable information as the variance considers all data points to determine the distribution.
6.
Correlation of ranks for the proposed method and GTMA proves global relevance for solving various complex parameter selection scenarios. Uniqueness of the proposed method is that, it offers a general system pertinent to different parameter selection scenarios in engineering science and technology.
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CONCLUSION
The experimental investigation on analyzing the influence of ethanol addition to gasoline on
